molar). The kinetics of activation of the pin2-CAT gene were quite long (5 to 7 days) when unwounded calli were plated on media lacking auxin. This effect was documented for calli derived from several transformed plants, containing the full, chimeric pin2-CAT (pRT45) gene. In addition, calli from tissues transformed with wild-type vectors or from several plants transformed with pRT50 (a noninducible derivative of pRT45) were not induced by plating on media lacking auxin. Other naturally occurring and synthetic auxins had similar effects to naphthalene acetic acid in inhibiting the induction of the chimeric gene fusion. Finally, leaf discs from transformed plants were induced by incubation in MS liquid medium in the presence and absence of naphthalene acetic acid. NAA was also effective in down regulating the chimeric gene in whole plant tissues.
Wounding of plants is responsible for the regulation of a wide variety of gene products in plants (1, 3, 6, 13, 17, 26) . The inducible characterized genetic systems include plant defences against microbes and herbivores (13, 17, 19) . One of the best characterized examples of the induction of genes following wounding is that of the proteinase inhibitor genes of solanaceous plants (11, 12, 24, 31) . In this system, two small gene families (termed proteinase inhibitor I and II), ' This work was supported by grants from the U.S. Department of Agriculture (87-CRCR-1-2518), the State of Iowa, and the Iowa Biotechnology Council. which encode quantitative insect resistance factors, are induced from a quiescent to an active state by wounding.
The complete mechanism by which these genes become induced is not known, but several steps in the process have been elucidated. Wounding of plant leaves releases intravacuolar glycosidases which interact specifically with adjacent cell walls to liberate low mol wt oligosaccharides (2, 6) . These low mol wt oligosaccharides have been isolated and can be fed through the petiole of detached leaves to induce the accumulation of the proteinase inhibitors (24) . The induction is regulated at the transcriptional level and the levels ofmRNA approach 0.7% of total poly(A+) mRNA following multiple wounds (1 1). The kinetics of induction for both families of proteinase inhibitors are quite long (4-6 h) following wounding before mRNAs begins to accumulate (11) . This long preinduction period is unusual in inducible systems indeed even among other wound-inducible systems gene activation is quite rapid ( 17) .
The genes which code for these proteinase inhibitors have been isolated and characterized from both tomato and potato (5, 9, (16) (17) (18) 31) . The wound-inducible nature of the pin22 genes was demonstrated independently by two separate groups (23, 31) .
This study utilizes whole plants and tissues transformed with the wound-inducible pin2-CAT gene to examine the biochemical mechanism of wound-induction of plant defense genes.
MATERIALS AND METHODS
Plant hormones and media components for plant tissue culture were purchased from Gibco Laboratories, Grand Island, NY; Kelco Division of Merck and Co., San Diego; or described (31) . Calli were initiated from these transformed tobacco plants by plating leaf and/or stem pieces onto callus induction medium (Murashige and Skoog (21) (4) . A quantity from each extract containing 100 ,ug of protein was assayed for CAT activity using ['4C]chloramphenicol (100,000 cpm = 1.66 ,umol) as substrate (10) . Following TLC analysis, the activity of the CAT protein was visualized by exposure to x-ray films. The TLC plates were overlayed onto the exposed film and the radioactive spots corresponding to labeled chloramphenicol acetate and unreacted chloramphenicol were cut out and counted in a Packard liquid scintillation counter. Data are expressed as the percent conversion of chloramphenicol into the acetylated forms of chloramphenicol in 60 min at 37°C.
Plant Leaf Induction
Leaf discs were removed from the leaves of transformed plants by a cork punch and the epidermis peeled from them. These discs were induced by a method of R. Johnson and C. A. Ryan (personal communication). Leafdiscs were incubated in Murashige-Skoog liquid medium containing various amounts of naphthalene acetic acid. After 18 to 24 h the leaf disc tissues were ground and CAT assays were run as described above.
RESULTS

Induction of pin2-CAT on Basal Medium
To induce the accumulation of CAT protein, calli prepared from plants containing the wound-inducible chimeric pin2-CAT gene were placed in tissue culture on basal medium.
This caused an activation of the wound-inducible gene and permitted us to begin an investigation of the hormonal effects on the regulation of this gene.
In order to begin these studies on the hormonal regulation of this pin2-CAT construction, it first became necessary to determine the kinetics of activation of the chimeric gene in calli transferred to basal medium. Therefore, a callus line from the transformed plant, Trl 2 (31), was inoculated for 0 to 10 d on various test media. The amount of CAT activity was measured by TLC assay and was taken to represent the activity ofthe wound-induciblepin2 promoter. Figure 1 shows the accumulation with time of CAT activity, expressed as percent conversion of chloramphenicol into chloramphenicol acetates.
The accumulation of CAT activity in the Trl2 calli on basal media was negligible until d 5, then over a 48-h period large amounts of CAT activity were induced. In contrast to this, when calli were plated on the maintenance medium, (basal MS medium plus 2.0 mg/L NAA, 0.5 mg/L BAP) no expression of CAT activity was apparent after 10 d. In addition, when Trl2 calli were plated on basal media for 5 d until CAT activity was just beginning to be expressed, and then they were shifted onto maintenance media, no significant CAT activity was obtained. Thus, shifting onto fresh media containing NAA and BAP reversed this induction process. This implied that the 5-d period of induction may have exhausted some callus component and this depletion leads to activation of the pin2-CAT gene.
Auxin Regulates pin2-CAT Gene Expression
The two components of the maintenance media that are not found in the basal medium are cytokinin (BAP) and auxin (NAA). Therefore, the effects of these plant hormones on the regulation ofpin2-CAT gene expression was investigated (Fig.  2) . BAP, when added at even the lowest concentration (8.8 x 108 M), stimulated the expression of CAT activity by about 30% over that obtained with the basal medium alone. This stimulation did not significantly change with increasing concentration of BAP up to 4.4 x 10' M.
In contrast, when the auxin naphthalene acetic acid was added to the basal medium either alone or in combination with cytokinin, the expression of inducible CAT protein was drastically reduced. Thus, auxin concentrations in the media apparently regulate the pin2-CAT gene. The hormone concentration required to give 50% inhibition of expression was 38,gg/L or 2.0 x l0-' M NAA, which is near to physiological concentrations of IAA in tobacco leaves (28) .
When the cytokinin, BAP was added to media containing various levels of NAA, the expression of pin2-CAT gene closely resembled the expression found with NAA alone (data not shown). We therefore concluded that auxin levels control expression of CAT activity in these tissues and that the increased activity induced by cytokinins in the complete absence of auxin may not be physiologically relevant. This phenomenon was initially observed with callus derived from a single transformed plant, Trl2. To determine whether this was a unique phenomenon restricted to this transformant or whether this was a general characteristic of the chimeric wound-inducible pin2-CAT gene fusion, calli derived from other transformed plants were tested in this same manner. In Table I, on auxin-less media. All three of these transformed lines were induced to high levels on the basal media. The levels of induction ranged from 15-to 50-fold higher than the levels of CAT protein induced in whole, wounded plants. The transformant which is most highly inducible by wounding (Tr24) is also most inducible by auxin depletion. In addition, three other transformants, Tr 18, Tr 19, and Tr62, were also tested. These plant lines were transformed with pRT50, a derivative of pRT45 in which the inhibitor II transcriptional terminator is replaced with the terminator from transcript 7 of Agrobacterium tumefaciens T-DNA (31). Plants transformed with this construction are drastically reduced in their response to wounding. Calli derived from these plants do not express CAT protein in the absence ofauxin (Table I) . Finally, one additional cell line was tested, construction pRT45 was transferred into Nicotiana tabacum cv Xanthi using a wildtype Agrobacterium vector, A28 1. The pin2-CAT gene in this cell line was not inducible by plating onto auxin-free medium.
Since auxins appear to regulate the expression of this chimeric pin2-CAT gene fusion in transgenic tobacco tissues analogous to wounding of whole plants, we examined the regulation of this gene by other endogenous and exogenous auxins. As shown in Table II chloramphenicol acetates by 100 ,ug of protein from the calli; n = 4.
CA cell line derived from transformation of N. tabacum cv Xanthi with a wild type Agrobacterium, A281; n = 6. included at 2 ppm (Fig. 3, lanes 1-3) Additionally, a cell line derived from transformation of tobacco with wild-type Agrobacterium tumefaciens vectors did not induce the pin2-CAT gene by plating onto hormone free media. Such transformed calli frequently contain independently cotransformed T-DNA sequences, along with the gene of interest (7) . This cell line has been maintained on media without hormones or on regeneration media (MS plus 0.5 BAP) for more than 2 years, yet it has never regenerated plants. Thus, this cell line NT-RT45-01 likely contains the wild-type T-DNA locus as well as the pRT45 locus. The T-DNA locus contains a well characterized pathway for the production of IAA in the plant tissues (30) . This pathway aids in maintaining the callus in the undifferentiated state (27) . Presumably, since these calli produce their own auxin, this cell line, NT-RT45-01, is not induced by plating these calli onto the basal media lacking auxin. We did not, however, determine the endogenous levels of auxin in the NT-RT45-01 calli.
Whether changes in auxin homeostasis permits other plant defense genes to be induced is not known; however, exogenously applied auxins have been shown to repress invertase in Jerusalem artichoke tuber slices (8) , peroxidases in young peas (22) , and another potato proteinase inhibitor (25) . In addition, exogenously applied, auxins have been reported to induce susceptibility of maize to Helminthosporium leaf spot (15) and of tobacco to tobacco mosaic virus (29) . Thus, auxin fluxes may also play a role in the regulation of several plant defense genes.
Further, since increasing auxin down-regulates this plant defense gene, it is possible that this may play an important role in plant pathogenesis by microorganisms. Many plant pathogens endogenously produce auxin (20) and this auxin is thought to be a virulence factor for some pathogens (27) . Production of sufficient amounts of auxin in the infected tissue could effectively block the expression of this or other auxin-repressible plant defense genes.
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